In this study AA5754 and A6061 alloys have been butt welded to each other by using friction stir welding (FSW). At constant tool geometry and tool angle experiments were carried out, joints were performed using different welding speed, rotation speed and especially tool press force. The mechanical properties of the welded samples were determined by using tensile test, bending test and micro hardness. Generated microstructure and hardness profile was obtained in the welding zone. In this friction stir welding study the parameters which affect the joint structure are the tool press force, welding speed and tool rotation speed which were determined. At the end of study it is determined that AA5754 and AA6061 alloys can be successfully welded by using Friction Stir Welding method under different tool press forces at least 6kN.
Introduction
Friction-stir welding (FSW) was invented at The Welding Institute (TWI) of UK in 1991 as a solid state joining technique and it was initially applied as a solid-state joining technique and it was applied to aluminum alloys [1] - [2] . Although FSW has evolved as a technique of joining of aluminum alloys, it is used for a variety of material groups including steels and polymers [3] - [2-4-5] . FSW assures the absence of porosity, distortion and residual stresses, which are typical defects of the fusion welding processes, and the possibility to operate in all positions without protective gas. Alloys difficult to weld like the 5000 and 7000 aluminum series have successfully been welded using FSW. The process uses a shouldered rotating tool with a profiled pin that penetrates the clamped parts to be joined; the tool then starts to move along the join line ( Figure  1 ). The heat produced by friction, softens the alloy and the pin stirs the material of the joint until the sheets are joined. The stirring of one material into the other is associated with a solid-state flow, with a very high deformation, and involves recrystallization of a portion of the joint (weld nugget). These extremely fine recrystallized grains are known to slide one to other, leading to a super plastic flow that accommodates the FSW process [6] - [7] - [8] . The schematic illustration of the FSW is given in Figure 1 . The side of the weld where the local direction of the tool is the same as traversing direction is called the advancing side (AS). Similarly, the side where the directions are opposite and the local movement of the shoulder is against the traversing direction is called the retreating side (RS) [2-4-5] - [9] . This difference can cause asymmetry in heat transfer, material flow and the properties of the two sides of the weld [3] . The welding zones occurring in FSW have been given in Figure  2 . Here, the base metal is the zone which has not been affected by the heat and deformation forming in the welding zone. Stir zone (SZ) is the main area which is affected most by the heat effect and plastic deformation and where changes occur in the mechanical properties and microstructure-due to the friction and stirring of the tool pin and shoulder. Thermo mechanical affected zone (TMAZ) in this region, the material has been plastically deformed by the friction stir welding tool and significant changes occur in the micro structure. Heat Affected Zone (HAZ) is the region which is affected only by heat and no macro plastic deformation should be visible [2] - [10] . AA5754 and AA6061 alloys are widely used in industrial and manufacturing sector and they have mechanical properties which are close to each other. Increased strength by strain hardening method AA5754-H22 alloys come to the fore with resistance corrosion properties and for this reason they are widely used in automotive and ship building industry. Increased strength by aging method AA6061-T6 alloys which is widely used in defense industry, ship building and aerospace industry. Especially for AA6061 alloys FSW method is a more convenient method than other welding applications. Due to the high welding temperatures in fusing welding methods, decreasing strength in welding zones are usually seen depending on the over aging. But in FSW, as a result of being solid state welding method in welding zones, lowest temperatures occur and the minimum decreasing strength occurs [2-4-5] - [11] - [13] . So, due to different properties of these alloys which have close mechanical features, it's understood that they can be used together with various applications. In result, in practice a pair of this aluminum can be used together in marine and automotive industry by welding. To realize the need for joining these alloys, which is also widely used in automotive defense and marine industries, FSW which is under development, was determined to be the most suitable method [14] . In this study AA5754 and AA6061 alloys have been butt welded each other by using friction stir welding method and the effect of different welding parameters on welding structure were investigated. After the FSW the metallurgical internal structure and the effect of internal structure on mechanical properties of joint were investigated.
Material and Method
In this study AA5754-H22 and AA6061-T6 aluminum alloys have been used as a sample material for the Friction Stir Welding process. The mechanical properties and chemical components of these alloys (AISI) have been given in Table 1 and Table 2 respectively. In the light of information obtained from literature review and preliminary tests, experiments have been carried out by using specified range of parameters as follows: 2° tool tilt angle, 800 rpm rotational speed, 270 mm/min welding speed and with modifying 6 kN, 8 kN and 10 kN tool press force. Tensile and bending tests, micro hardness measurements and metallographic measurements were studied on joined samples. The welding experiments were performed using a universal vertical milling machine as shown in Figure 3 . A hydraulics table unit was put in this bench and experiments have been carried out by setting the tool press force in the determined and constant adjustments. This FSW machine consists of universal milling machine, a data recording computer, digital temperature sensor, hydraulic loading mechanism, hydraulic unit and hydraulic unit control device.
The tool used for the FSW is made from hot work tool steel as a triangular pyramid which has a 16 mm shoulder dimension and 5 mm stir pin as shown in Figure 4 . The 20 mm parts of the beginning and end zones of the each friction stir welded sample considered as non homogeneous have been removed, left a side and not used for experiment. The rest of the homogenous welding zone is prepared as the samples to be used in examinations. The FSW samples used in mechanical and metallographic experiments were removed as shown in Figure 5 . 
Results and Discussion

Temparature Measurements
To measure the temperature of the samples during the experiment, the thermocouples are placed in the center of the pin line. The highest temperature was measured as 376 °C.
Macrostructure and Microstructure Features
In the examination done at macro level, it was observed that the surface roughness of the weld nuggets is close to one another in all the samples and very low level. No defects such as a fracture or void have been observed in the surface appearance of the welded samples. The microstructure of joined area of welded samples is shown in Figure 6 . The figure shows scanning electron microscope (SEM) images of the joined zones of samples. The micrographs are used to name 130 to 1700 magnifications, to get better interpretation of the different regions of pictures of the samples. When analyzing these pictures, different sizes of micro-pores can be seen in two alloys. These pores are gas and pulling pores when formed during the production of materials. In the welding nugget, AA6061 alloy which is scattered through the AA5754 alloy can be seen in Figure 6A , 6C and 6D, there are onion rings which result from joining. AA6061 alloy structures are shown in Figure 6B and 6b, where the shoulder has been rolled up to the surface of sample. When analyzing this structure, simultaneous excessive plastic deformation of AA6061 alloy can be seen. As a result of excessive plastic deformation, pores which existed primarily, entered in a specific order turning towards. This situation is a result of being on the retreating side of AA6061 alloy during the welding.
In figure 6E and 6e, discrete region is not combined for the poor press force at the bottom of the stirring zone. This section appears in the form of the crack as the stirring pin is approximately 0,2 mm shorter than plate thickness. Therefore, stirring pin couldn't reach to the bottom of the material during the welding. No fault, space and defect have been observed on the welding nugget. From the results of selected parameters and especially the effect of stirring pin, the materials have been welded successfully. Longitudinal tensile specimen's tensile strength and ductility (elongation % values were higher than base materials values. This effect is consistent with findings in the literature specified [2] - [9] - [15] . Figure 6 clearly shows, stirring zone, TMAZ and HAZ of the welding section of AA5754 and AA6061 alloys. Also as shown in Figure 6 , in the stirring zone the boundary between AA5754 and AA6061 can be easily seen. This Figure shows the applied joining operation is diffusion free and being mechanical form of the mixture.
Mechanical Properties
The hardness value of the base AA5754-H22 alloy measured before the welding is 78VH0,2 and AA6061 alloy measured as 90VH0,2. In the joint zones of the samples obtained in the welding process, the hardness values measured in all the samples vary from 60 to 92VH as shown in Figure 7 . Temperature values that were produced during welding are higher than strain hardened AA5754 alloy's recrystallization temperature (≈320 0 C) and aged AA6061 alloy's aging temperature (160 0 C). So the effect of welding temperature is higher than the AA6061 alloy hardness on the AA5754 alloy hardness effect. The reason of this result is, with the reached maximum temperature between 330-376 0 C during welding, primarily caused over aging of AA6061 alloy. On the 5754 side, harness value decrease has been fewer. The reason of this result is reached maximum temperature during welding is close to the AA5754 alloy's recrystallization temperature region's base limit. So, the welding temperature's effect time is not enough strain hardened AA5754 alloys recrystallization. Maximum decrease in hardness has seen in HAZ at the both side. Closer to the center of the source a significant increase in hardness is observed in both sides and hardness reaches peak value in the centre of welding zone. The effective mechanism is excessive plastic deformation by the stirring of the pin and following the effect of recrystallization. By the effect of stirring and deformation, stirred recrystallized materials occur. Therefore thinner grain size, hardness and strength increase accordance with Hall-Petch equation [2-4-5] - [3] - [15] . As seen in Figure 7 , tool press force directly affects the hardness value of the materials. With the increasing tool press force, they also increase observed in the overall hardness values. The reason of this result is, with the increased tool press force, temperature ranks increase and strength of alloys decrease. So alloys viscosity of alloys increases and stirring becomes more homogenous [14] . Transverse tensile specimens have been broken outside of welding region. They have been broken HAZ of AA6061 alloy's side. Longitudinally tensile specimens have been broken in the middle of gauge length region. Table 3 shows the results of mechanical properties obtained from the tensile samples. As shown in Table 3 , after friction stir welded AA5754 and AA6061 alloy's tensile and yield strength of transverse-tensile sample is 86 ±3% and 78 ±5% of base material. These values indicate the success of FSW method. Tensile and yield strength of welded samples increase with tool press force. This can be explained under three headings. The first matter; welding temperature increases with increasing temperature and hence materials can confuse each other easily and become more homogenous. The second; with increasing tool press force, materials weld under more stress and therefore more fine grained structure exist and accordingly strength increases [16] . The third reason is with increasing tool press force, stirring pin reaches more bottom of the materials and welding can make more along the thickness. Elongation of the welded transverse-tensile sample is 57 ±4% and toughness is 46 ±4% of base material. This can be explained as follows; since welded region have higher-strength than base materials and the elongation of the sample actually gets from the base material sides, not from welding portion by the tensile test [10] - [17] . The tensile strength of longitudinal-tensile samples are 25 % more than base material, and yield strength values are similar with base material's values. The rise of strength values of longitudinal tensile sample comes from the welded zone which is due to fine grained structure of the welded zone. Therefore thinner grain size, hardness and strength increase accordance with Hall-Petch equation [3] - [15] . Elongation values of the longitudinal-tensile samples are approximately 170 % more than base material's value. This can be explained as follows; by the effect of deformation during welding, generated heat provides the dislocations in grain and is thought to lead to an increase in toughness.
Tensile and yield strength of longitudinal tensile samples are considerably higher than that of transverse-tensile samples. It was achieved that even the yield strength of longitudinal tensile samples are higher than the tensile stress of transverse sample which are both obtained from the same samples. The main difference between two samples is nonhomogenous structure of the transverse-tensile sample.This situation happens when tensile affecting to sample at transverse tensile test which form plastic deformation at HAZ region of welding zone. On the contrary, increase in strength of stirring zone prevent formaton of plastic deformtion at welding zone. For this reason, at the transverse tensile samples, welding seam area can not contribute to measured elongation value [10] . Therefore, at these samples during assessment of strain capability, it will lead to obtain incorrect results when the first measurement region covers both of the regions that have different mechanical properties. However, parts including welding seam in the usage of engineering products are generally manipulated with these conditions [10] . In the case of the assessment of the engineering products including welding seam, it is required to determine the strain capability of the welding region. In the conducted experiments, 180° bending was imposed in such a way that root zone (probably includes welding seam crack) was placed on the inner side.
From bending experiments on the surfaces of the obtained samples, no crack indication was detected. The results of the bending experiments show that experimental samples merged with frictional welding have sufficient ductility.
In conclusion, the results obtained from joining AA5754-H22 and AA6061-T6 (AISI) aluminum alloys by using friction stir welding process under 800 rpm rotation speed, 270 mm/min welding speed and 6 KN, 8 kN and 10kN tool press force conditions are as follows;
1. AA5754-H22 and AA6061-T6 alloys can be successfully joined by FSW process. 2. The weakest zone in the welding process stays out of the joint zone. Stays in the HAZ of AA6061 alloy. 3. Decrease of the welding structure's strength is approximately 14% to the base materials. 4. The resulting temperature more affected AA6061 alloy than AA5754 alloy more. 5. Strength and hardness of welded structure increase with tool press force. 6. The welding region has acceptable shape change ability for engineering applications.
